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CORN PROTEIN RETENTION DURING EXTRACTION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/561,287, filed September 21, 2017, which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] This disclosure relates to concentrated corn protein and methods of making
concentrated corn protein.
BACKGROUND
[0003] For over 100 years, corn wet milling has been used to separate corn kernels into

products such as starch, protein, fiber and oil. Corn wet milling is a two-stage process that
includes a steeping process to soften the corn kernel to facilitate the next wet milling process
step that result in purified starch and different co-products such as oil, fiber, and protein. Further
corn processing methods are now being investigated to further purify the protein co-product for
incorporation into food-grade products, specifically. A combination of increasing interest on the
part of consumers for protein in their diet and increasing concerns about the cost and availability
of animal derived proteins is causing food companies to look increasingly for new sources of

protein.

SUMMARY
[0004] Described herein is a method of maintaining corn protein yield during extraction,
comprising obtaining a corn gluten material, washing the corn gluten material to remove non-
protein components with an ethanol-water solvent comprising at least 85 wt% ethanol to obtain
a corn protein concentrate product, wherein the loss of corn protein content during extraction is

less than 25% of total corn protein.

FIGURES
[0005] Figures 1A, 1B, 1C, and 1D show protein solubilization is promoted by lower
ethanol concentrations and higher temperatures (25°C left panel (1A, 1C); 42.5°C right panel
(1B, 1D)) during extraction.
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[0006] Figures 2A and 2B show the effects of ethanol concentration, solvent-feed ratio
and temperature (25°C left panel (2A); 42.5°C right panel(2B)) during extraction on the yield of
the final corn protein concentrate product.

[0007] Figures 3A and 3B show ethanol concentration, solvent-feed ratio and
temperature (25°C left panel (3A); 42.5°C right panel (3B)) during extraction impacts the
composition of the final corn protein concentration product.

[0008] Figures 4A and 4B show ethanol concentration, solvent-feed ratio and
temperature (25°C left panel (4A); 42.5°C right panel (4B)) during extraction impacts overall
corn protein yield index.

[0009] Figures 5-7 show holding the slurry at elevated temperatures or treating the slurry
with H202 prior to extraction reduced protein loss. H202 treatment had an additional benefit of
reducing protein loss particularly at higher extraction temperatures.

[00010] Figures 8-10 show the effects of holding the slurry at elevated temperatures or
treating the slurry with H202 prior to extraction and the effects of ethanol concentration,
solvent-feed ratio and temperature during extraction on the yield of the final corn protein
concentrate product.

[00011] Figures 11-13 show the effects of holding the slurry at elevated temperatures or
treating the slurry with H202 prior to extraction and the effects of ethanol concentration,
solvent-feed ratio and temperature during extraction on protein concentration in the final corn
protein concentrate product.

[00012] Figures 14-16 show the effects of holding the slurry at elevated temperatures or
treating the slurry with H202 prior to extraction and the effects of ethanol concentration,

solvent-feed ratio and temperature during extraction on corn protein yield index.

DETAILED DESCRIPTION
[00013] Protein ingredients are among the more expensive to prepare in high
concentration. Often starting from a low-concentration natural product, many food proteins are
prepared from by-products of processes intended to recover other components. For example, soy
protein isolate is prepared from soy solids remaining after extraction of the oil fraction. Whey
protein is prepared from soluble protein remaining after formation and pressing of cheese.
[00014] The corn protein described herein is prepared from a corn material, preferably a

corn gluten material, which is a by-product of starch production in a wet milling process. The
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corn gluten material described herein is not destarched, hence contains a significant amount of
starch granules (approximately 20% dry weight basis). Furthermore, the corn gluten material
described herein comprises between 50 wt% to 70 wt% corn protein on a dry weight basis, and
in preferred aspects comprises 60 wt% to 70 wt% corn protein on a dry weight basis. The corn
gluten material described herein can be in a wet-cake form typically comprising 50-70 wt%
moisture, or alternatively in a dried form comprising 3-6 wt% moisture.

[00015] The corn gluten material described herein optionally can be heat treated and/or
treated with sulfite-neutralizing agents such as hydrogen peroxide, which not only can have a
positive impact on corn protein yield but can also reduce sulfite levels commonly found in corn
gluten materials. Such heat treatment can occur at temperatures ranging from 55°C to about
85°C, preferably 60-80°C, and most preferably 65-75°C. Various sulfite-neutralizing agents
such as oxidizing agents can be used to improve corn protein yield and to reduce free sulfite in
the final corn protein products. Among sulfite-neutralizing agents, oxidizing agents specifically
hydrogen peroxide is preferred. Hydrogen peroxide can be added to the corn gluten material in
amounts that sufficiently neutralize free sulfite contained in the corn gluten material. Hydrogen
peroxide is added at molar ratios of up to 5.0, preferably at molar ratio of up to 2.0 and more
preferably at molar ratio of 1.0-1.5 to that of free sulfite contained in the corn gluten material. It
is preferred that hydrogen peroxide is added to the corn gluten material with at least 15 min
thorough mixing prior to washing. Heating treatment can be applied after the addition of
hydrogen peroxide to optimize their effects on protein yield and sulfite reduction.

[00016] Normally, corn gluten material contains lipids (free fatty acids, phospholipids,
sterols, tri-, di- and monoglycerides, etc.), pigments (lutein, beta-carotene, zeaxanthin, etc.),
soluble carbohydrates (glucose, maltose, maltotriose and higher oligomers of glucose), organic
acids (acetic, propionic, succinic, etc.) and in some circumstances mycotoxins (aflatoxin,
zearalenone , etc.). Thus the corn protein material is at risk of generating soapy or rancid flavors
from the lipids, astringent or sour flavors from the organic acids, undesirable colors in foods that
contain the corn gluten material or health risks from the mycotoxins. Converting the corn gluten
material from a form suitable for feed to a form desirable for food requires maximum removal of
the lipid, pigment, mycotoxin and organic acids and a maximum retention of corn protein.
[00017] Because protein ingredients can be expensive, it is beneficial to prepare these
corn protein ingredients at as low a cost as possible. Developing a process to achieve a desired

final corn protein product composition with the highest protein yield and lowest cost is critical.
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In this context, the protein must be useful in foods for human and animal consumption, so the
optimization is not simply a function of achieving an acceptable chemical composition; the
resulting ingredient must have a suitable functional behavior suitable for the food process and
product it is used in. It is recognized that some foods intended for animals, like pet foods, have
functionality requirements similar to those required for human foods.

[00018] Aspects herein describe the production of a corn protein product, specifically
corn protein concentrate, comprising 55-85 wt% or 55- 80 wt% corn protein on a dry weight
basis.

[00019] The desired corn protein product comprises less than 2 wt% oil, preferably less
than 1.5 wt% oil, and even more preferably less than 1.0 wt% oil, all on a dry basis.

[00020] The desired corn protein product is light in color with an “a*” color value ranging
from O to 4, and more preferably O to 2, a “b*” color value ranging from 15 to 35, and more
preferably 15 to 30, and an “L*” color value ranging from 70 to 90, and more preferably 80 to
90.

[00021] A general process for the production of such corn protein product has been
described in pending patent applications PCT Patent Application No. PCT/US17/23999 (filed on
March 24, 2017), which is hereby incorporated by reference in its entirety. Described therein is
a process by which corn gluten material undergoes a series of solvent washing steps to produce a
corn protein product.

[00022] In the course of developing the process to prepare a corn protein product that
meets expectations, it has been discovered that the water present in the process had a number of
effects on the process and that good control of the water concentration at various stages of the
process is desirable. For example, excess water in the extracting solvent, especially at elevated
temperatures, dissolves a portion of the protein and removes it from the final corn protein
product. This did not tend to diminish the purity of the final corn protein product, but it
substantially decreased the protein yield. Under some conditions, greater than 35% of the protein
is lost. While this protein could be recovered from the extract and returned to the main
ingredient pool, this recovery requires additional equipment investment and expense in
operations. It is more economical to prevent the dissolution of the protein in the initial extraction
phase.

[00023] Another undesirable phenomena associated with protein processing is fouling of

surfaces, especially heat-contact surfaces. It was discovered that the water concentration in the
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extraction process could have a significant effect on the tendency of the protein to stick to
surfaces. Equipment could be modified, particularly designed to be oversized to manage this
stickiness, but that increases both the capital and operating expenses of the operation. It is more
economical to manage the water concentration to mitigate this effect.

[00024] A final undesirable outcome is obtained when the water concentration present in
the extraction process creates a physical behavior of the finished ingredient that is undesirable.
Too much or too little water during extraction can modify the susceptibility of the corn protein
product to physical or chemical reaction during extraction or subsequent processing. Identifying
and applying specific water concentrations can be used to create specific functionalities.
Because foods and food processes have differing functional requirements, water management
may also have the potential to impact certain functionalities.

[00025] Accordingly, the invention disclosed herein provides a method of maintaining
corn protein yield during an extraction process to obtain a desirable corn protein concentrate
product.

[00026] The extraction process includes the steps of obtaining a corn gluten material and
washing the corn material with an ethanol-water solvent comprising at least 85 wt% ethanol to
obtain a corn protein product. As previously described, it was found surprising that reducing
water content during the extraction process provides enhanced corn protein yield. Accordingly,
in more preferable aspects, the ethanol-water solvent comprises at least 90 wt% ethanol, and
even more preferably at least 93 wt% ethanol, and most preferably at least about 97 wt% or 98
wt% ethanol. It is recognized that in a counter-current extraction system, the corn protein
material will be exposed to a range of water concentrations. In such a case, the higher the
concentration of ethanol making initial contact with the corn material, the more desirable an
outcome.

[00027] The ethanol solvent to corn protein product ratio also impacts corn protein yield.
Accordingly, the extraction process described herein preferably has a solvent to corn protein
ratio ranging from 5:1 to 25:1 (kg/kg).

[00028] Temperature also surprisingly affects the corn protein yield, and it was found that
lower extraction temperatures are more desirable. More specifically, the extraction method
described herein occurs at temperatures ranging from about 5-50°C, even more preferably range

from about 20-30°C, and yet more preferably 25-30 °C.
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[00029] As demonstrated in the examples below, heat and hydrogen peroxide treatments
prior to washing step in combination with reducing water content and operating at lower
temperatures during subsequent extraction step improves the corn protein yield such that the loss
of protein during extraction is less than 25%, more preferably less than 15%, and even more
preferably less than 5%, 4%, 3%, 2% or 1% of total corn protein. In other aspects, the loss of
ranges between 10% and 25% of total corn protein, even more preferably between 10% and 20%
of total corn protein, and even more preferably between 5% and 15% of total corn protein.
[00030] Total corn protein is determined as the total nitrogen analyzed by combustion
multiplied by 6.25; the nitrogen is primarily in the form of amino acids. Corn protein yield is
expressed as percent of the final corn protein product weight divided by the weight of the raw
corn gluten material on a moisture-free basis (or dry weight basis, dwb). Corn protein yield
index is calculated by multiplying percent final product yield with percent protein content in the
final product on a dry weight basis. The corn protein yield index herein ranges from about 0.55

to about 0.75.

EXAMPLES

Example 1: Effect of temperature and ethanol concentration on protein solubilization and yield

[00031] Corn gluten slurry was obtained from the Cargill corn milling plant in Dayton,
OH. The corn gluten slurry was dewatered by filtering through Whatman#3 filter paper. The
resulting wet cake, at about 60% moisture, was freeze-dried to a final moisture concentration of
4.97% determined by Mettler-Toledo moisture analyzer at 110°C. The freeze-dried material
contained 64.0% protein (N x 6.25) on an as-is basis. The freeze-dried material was ground in a
Waring blender at low speed until ~3+ mm large pieces disappeared. The ground material
(1.4000-6.0000g) was weighed into 50-ml polypropylene test tubes with screw caps. Then
aqueous ethanol solvent containing 2-25% deionized water (98-75% ethanol, weight-by-weight)
was added to each test tube at solvent/solid (9% moisture) ratios of 5, 10, 15, 20 and 25 to create
treatments with varying water concentrations in the extraction system and varying solvent/solid,

water/solid, EtOH/solid, water/EtOH ratios as shown in Table 1.
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Table 1.
The solvent Ratios, g/g

Y0 (wt/wt) | g solvent/ g % (wt/wt) solvent/ water/ EtOH/ EtOH/

EtOH feed (as- EtOH in final | 100%DS | 100%DS | 100%DS | water

used is %DS) solvent

98 25 97.8 26.5 0.58 26.82 44.6
20 97.8 21.2 0.48 21.56 43.6
15 97.7 16.1 0.37 16.19 42.1
10 97.5 10.7 0.27 10.78 39.3
5 97.0 5.3 0.16 5.40 327

93 25 92.8 26.4 1.90 25.45 12.9
20 92.8 20.7 1.49 20.41 12.8
15 92.7 16.2 1.18 15.32 12.7
10 92.5 10.8 0.80 10.25 12.4
5 92.1 5.4 0.42 5.13 11.6

87 25 86.8 26.7 3.51 23.89 6.6
20 86.8 20.8 2.75 19.12 6.6
15 86.7 16.1 2.14 14.36 6.5
10 86.6 10.5 1.41 9.58 6.4
5 86.1 5.3 0.74 4.79 6.2

82 25 81.8 26.1 4.74 22.50 4.5
20 81.8 21.3 3.87 18.05 4.5
15 81.7 16.3 2.97 13.50 4.5
10 81.6 10.3 1.91 9.01 4.4
5 81.2 5.3 1.00 4.51 4.3

75 25 74.9 25.9 6.52 20.50 3.0
20 74.8 21.0 5.29 16.51 3.0
15 74.8 16.0 4.05 12.38 3.0
10 74.6 10.6 2.69 8.26 2.9
5 74.3 5.3 1.37 4.14 2.9

[00032] The screw-capped test tubes containing both testing material and solvent were

horizontally placed in a shaker that was set at 100 rpm orbital motion and maintained at either
25°C (ambient) or 42.5°C for 60 min. During the 60 min extraction, the solid was gently
moving in the solvent inside the test tubes to allow thorough contacting of the solid particles
with the solvent without excessive force to minimize physical break down of solid particles.
[00033] After 60 min extraction, the test tubes were centrifuged at 4,000 rpm for 5 min at
ambient temperature. The liquid from each test tube was carefully transferred to pre-weighed
test tubes to record its net weight. The liquid was analyzed for protein and other dry solids. For
the analysis, about 2.00 ml of liquid was pipetted into pre-weighed ceramic Leco cells with tin

inserts. The Leco cells were placed in a fume hood for about 4 hours to allow ethanol
7
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evaporation then placed into a vacuum oven set at 50°C and 25-inches vacuum to dry. After
weighing again for the calculation of dry solids, the Leco cells were analyzed for protein
concentration (using nitrogen factor of 6.25) in a Leco nitrogen analyzer. Calculations of protein
in the cake fraction obtained from initial centrifugation were made by subtracting those
determined in the liquid fraction from those contained in the starting material. It was assumed
that equilibriums were achieved after 60 min extraction treatment at both temperatures.

[00034] The results show protein solubilization (the desire is to avoid protein
solubilization) is promoted by lower ethanol concentrations and higher temperatures (see
Figures 1A and 1B). Protein extraction increases almost linearly as the feed-solvent ratio
increases when viewed as solvent-feed there is a sharp decline in extraction as the ratio increases
towards 10, with less sensitivity at higher ratios. Protein accounted for the majority of
solubilized solids, particularly at higher temperatures with low ethanol concentrations.

[00035] Results show extraction conditions, namely ethanol concentration, extraction
temperature, and solvent-feed ratio all impact the yield and composition of final corn protein
products with most significant effect found for temperature and ethanol concentration.
Generally, higher ethanol (lower water), higher solvent-feed ratio and lower temperature
resulted in higher yield and higher protein purity, leading to higher overall corn protein yield

indices (Figures 2-4).

Example 2: Effect of heat and H202 treatment on protein solubilization by ethanol solvents at

different temperatures

[00036] Corn gluten slurry containing 800 ppm SO2 was obtained from the Cargill corn
milling plant in Dayton, OH. The corn gluten slurry was either directly used (no heat treatment,
control) or divided into 1-L polypropylene bottles. For control, 2 samples were prepared. The
non-H202 control was obtained by immediate centrifugation. The H202-control sample was
obtained by adding H202 solution (30% active H202, wt/wt) to the slurry (final active H202 was
600 ppm) followed by mixing at ambient temperature for 15 min then centrifugation. For heat
treatments, the bottles contain the slurry with or without H202 addition (final active H202 was
600 ppm) were horizontally placed in a shaker set at 100 rpm and either 65°C or 75°C for 30
min or 1 hour. For 85°C treatment, the bottles were placed in a water bath maintained at 85°C
with overhead mixing for 30 min or 1 hour. After treatment, the slurry was centrifuged at

4500rpm for Smin and liquid decanted. The wet cake was placed in a fume hood to further dry
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down to about 60% moisture levels measured by Mettler-Toledo moisture analyzer at 110°C.
The wet caked was transferred to sealed plastic bags and stored in a refrigerator for subsequent
solubility tests.

[00037] For solubility tests, 3g, or 4.5g or 8 g samples were weighted into 50-ml test
tubes then 32g or 36g solvent of 98% (wt/wt) aqueous ethanol was added to the test tubes thus
creating 3 solvent-cake ratios of 12 to 1, 8 to 1, and 4 to 1 with final solvent EtOH concentration
in the system being 85.6-93.5% (wt/wt) respectively. Table 2 summarizes various aspects of the
matrix compositions. The test tubes were tightly capped then horizontally placed in a shaker set
at ambient temperature (~25°C), or 42.5°C or 60°C and gently (60 rpm) shaken in orbital motion
for 30 min followed by centrifugation at 4000rpm for 5 min. The liquid was carefully collected

and about 2ml was analyzed for dry solid and protein.

Table 2. Solubility test matrix compositions.
The solvent Ratios (wt/wt)

gsolvent/ g feed | % (wt/wt) ECOH | EtOH/water | gsolvent/ | g EtOH/ g | g Water/ g

(58%DS) in final solvent (wt/wt) g DS DS DS

4 85.6 9.2 10.8 9.2 1.5

8 914 18.4 20.3 18.4 1.7

12 93.5 27.7 29.8 27.7 1.9
[00038] Again, protein loss due to solubilization was promoted by higher water

concentration and higher extraction temperatures. Furthermore, data shows higher holding
temperatures and longer holding time at a given temperature prior to de-watering results in
lower protein loss when extraction was done at 25°C. A similar trend was found for 42.5°C but
to a lesser extent. When extraction was carried out at 60°C, holding at 85°C had lower protein
loss than the control but higher protein loss than those held at 65°C or 75°C, and little difference
was found between those holding at 65°C and 75°C. Results also show that neutralization of
SO2 by H202 treatment reduced protein loss across all three ethanol concentrations and
extraction temperatures. Data also suggests holding the H202-treated slurry at elevated
temperature for prolonged periods of time has additional benefits of reducing protein loss,
increasing yield and protein purity in the final product, resulting in increased overall corn

protein yield indices (Figures 5-16).
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CLAIMS

1. A method of maintaining corn protein yield during extraction, comprising:
obtaining a corn gluten material; and
washing the corn gluten material to remove non-protein components with an
ethanol-water solvent comprising at least 85 wt% ethanol to obtain a corn protein
concentrate product;
wherein the loss of corn protein content during extraction is less than 25%, preferably

less than 15%, and even more preferably less than 5%, of total corn protein.

2. The method of claim 1 wherein the ratio of solvent to corn gluten material ranges from
5:1 to 25:1.

3. The method of claim 1 comprising heat treating the corn gluten material before washing.
4. The method of claim 3 wherein heat treating temperatures range from 55°C to 85°C,

preferably 60-85°C and most preferably 65-75°C.

5. The method of claim 1 comprising treating the corn gluten material with a sulfite-

neutralizing agent before washing.

6. The method of claim 5 wherein the sulfite-neutralizing agent is an oxidizing agent.
7. The method of claim 6 wherein the oxidizing agent is hydrogen peroxide.
8. The method of claim 7 wherein hydrogen peroxide is added to the corn gluten material at

a molar ratio of 0.5-5.0, preferably at molar ratio of 0.5-2.0, and most preferably at molar ratio

of 1.0-1.5 to that of free sulfite contained in the corn gluten material.

9. The method of claim 1 comprising heat treating the corn gluten material and treating the

corn gluten material with hydrogen peroxide before washing.

10. The method of claim 1 wherein extraction occurs at temperatures ranging from about 5-
50°C.
10
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11. The method of claim 1 wherein extraction occurs at temperatures ranging from about 20-

30°C, more preferably 25-30°C.

12. The method of claim 1 wherein the ethanol-water solvent comprises at least 90 wt%

ethanol.

13. The method of claim 1 wherein the ethanol-water solvent comprises at least 93 wt%

ethanol.

14. The method of claim 1, wherein the ethanol-water solvent comprises at least 97 wt%

ethanol.

15. The method of claim 1 where the corn protein yield index is from about 0.55-0.75.

16. The method of claim 1 wherein the corn gluten material comprises 50-70 wt% protein on

a dry weight basis.

17. The method of claim 1 wherein the corn protein concentrate product comprises 55-80

wt% protein, preferably 55-85 wt% on a dry weight basis.

18. The method of claim 1 wherein the corn protein concentrate product is for human and

animal consumption.

11



WO 2019/060179

PCT/US2018/050447

0.100 _
0.090 - TEBELOH
- s BPHETOH
£ 0080 st FFRELOIH
e
g 0070 SANELOH
= 0.060 GBI EIOH
2 0.
k<
€ 0050
&
D.040

£.030

Q1040

N N : i o
\\\\\\\\\\\ M\\\\&Q&RR\Q\M\\\\\\\\W\\\“&\\\\\\\\\\&
5 10 i5 28 25 30

solvent/fead ratio, kg/ke
FIG. 1A

- FSRENOH

£.000
£.080

id

¥

iqu

AN S &2% E'{{} H

2

G070

T e 8?%£ t0§'i

Q060

e OI%ELOH
e SRIGEYOH

Q050

protein, kgfkg |

8040

0030

0020
¢.010

3
coonssod

X : COTN
x 3 SRS
TR
Ao \\\\\“\\\\\“\\

. s N N
Y

\
N

805 210 8,15 $.20 0.35
feedfsolvent ratio, kgfkg

FIG. 1B

1717



WO 2019/060179 PCT/US2018/050447

$.100
2080

w7 SHETOH
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ it B I%ELOHH

é 0RO s RPUELOH
-QQ e € j% %:‘{(3 3
% HEREFSY N
& & s GRIELOR
~ (3060
£
£ 0.050
-3
{1,040
Q030 g
v\\\\\\\
020 s \\\\\\\\\\\\\\\\\
R N .
\\\\\ e
{010 R Bt
\\\\\\\\\\\\\

S000 %‘“M\N\&mm«wwik\\\i\gmm ........................... .
O 5 10 15 20 25 30
solvent/feed ratio, kgfkg

FIG. 1C

.100
2.090
Q.080

- FSHELOH
82HELOH
s BTHEIOH
s OIUELOH

sopor GRUETONR

jeguaidd

»:

0.070
- 3.080
Q.05D
0.048D
0.030

kgfhg !

protein

R N
e R
RN RIS

.00
RIS

5
3 s NI
g.010 s S

NN

\\\\\\\\\\

0.000 mm‘ % ................. S s, S .
.00 Q05 8,10 .15 03.30 2.25%
feadfsolvent ratio, kgfkg

FIG. 1D

2/17



WO 2019/060179 PCT/US2018/050447
1.0
o 1.4 > SR R 3 SRR =5 >
g ;
% o8
-
b .
“23 Q.7
S 06
il
= 03
B
o ba FSHELOH
% {'}(3 ................................................................................................................................................. N 8};},{} gt{.}ﬁ
R S st RFGELOH
{} @ A g}g‘}{;&{{}ﬁ
- s QEIBETOH
{}.{} B R B H N <
Q % 10 i5 e 25 30
solventffeed ratio, kgfig
FIG. 2A
1.0
- S S 2
i}..} R W SN |
™ 3
& 0.8 -
-s. R E & e
€ o7 ® . .
Bon
:g 0.6
= g5
=
& 0.4 s 5‘3’3&?9&
U - : svaiivens 835}'{}&‘{{}&%
& 03
G " ‘\\\\\\\\\\\\\‘8?i}£}§t0§~§
9‘ s SR ELOH
Ll oo GROGETO
{}.{} ! : 3 RS : 3
5 18 15 28 25 30

solvent/feed ratio, kgikg

FIG. 2B

3/17



WO 2019/060179 PCT/US2018/050447

Y%protein in final product, dwh

%protein in final product, dwh

8O0

S e

FRG \\\\\ RN \\\\\&x\\\\\\

RSN

\.\\\

&60.0

5.8

8.0

IBHN T S AR e

.}{} Q PR SNN 82%{3&’{(} i-vi

= o & } 84 {’g{};

100 QIRIOH
e GRIGETOH

XU S : : : ; :
4] & 10 15 20 25 3G

solvent/feed ratio, kgfkg

FIG. 3A

80
Fa
FRRCIN N
R . o RS
\\\\\\\ (RIS SRR
56 e

s FHGETOH
s B2 ETCM
st EFEELTOH

10 SOSSOEREOH

s GRVGE L
{} ¥ ¥ ¥ E E : :
Q 5 18 15 28 25 30

solverntffead ratic, kgfkg

FIG. 3B

4/17



WO 2019/060179

PCT/US2018/050447

330
N&m&%\\m\\\&W\\m&W
F LB
R
e
T G50
=
£
& 840
§ 75% EHOH
g .38 S2%RETOH
v s 875 FHOH
G20 w35 B
810 s Q% EIOH
XTSI ; ¥ Y ; S N
3 5 16 15 i 25 30
solvent/fead ratio, kgfke
FIG. 4A
0.70 _
m § E—
§ R I —— S e N
B
E T oL o 8 g L Y 3 QPSS RN
T 050 = FOUEOH s B00EI0H oS /7% EIOH v
= s G3% FHOH  seaen 08% EHOH
5 ] S T e
§ .40 ® \\\\\\\\\\\\& % e R s
3=
§ .30
Q.20
3,18
DO 3 ' : Y S
¢ 5 i0 15 28 25

solvent/fead ratio, kgfkg
FIG. 4B

5/17

a0



WO 2019/060179

PCT/US2018/050447

6/17

0.30
Protein loss, 25C extraction
0.25

§ O solvent/cake=4/1, EtOH=85.6%

< 020 Wsolvent/cake=8/1, EtOH=914%  —

]

< Qsolvent/cake=12/1, E{OH=93.5%

£ 015 _

=~

4 -

2 010 H

g :

g 005 : g _i

0.00 +L= - §
o o g = g = o
S g £ £ £ £ Q
T s @ @ & 2 T
Q o=
- 2
\O
cont 65°C 75°C 85°C
FIG. 5




WO 2019/060179

PCT/US2018/050447

protein loss,kg/kg feed dwb

0.30

0.25

0.20

0.15

0.10

0.05

0.00

Protein loss, 42.5C extraction

O solvent/cake=4/1, EtOH=85.6%
W solvent/cake=8/1, EtOH=91.4%

o H207 ——

cont

30min MESES—

65°C

—— )

- N
g g g £ g o
£ £ £ £ £ S
=) S =) S =) o
\O on \O on \O =
£
=)
\O

75°C 85°C
protein loss, 42.5C extraction

solvent/cake=12/1, EtOH=93 5%

FIG. 6

7117




WO 2019/060179 PCT/US2018/050447

0.30
Protein loss, 60C extraction
025 H:

= 020 H- L N
= o - 5
= g | -
T o015 LN | NI
&7 - g ': :
% . . . - : ] :
=< 010 - . Osolvent/cake=4/1, EtOH=85.6% \ N
é o : . msolvent/cake=8/1, EtOH=91.4% % : g
£ 005 AN Osolvent/cake=12/1, EOH=935% N "IN |
E RN | N ININ IR IR
=7 0.00 . . . .

o™ o [e=) o™

o) Q = o

o o S o

e e 2 T

o g

= £

o]

\O

cont 65°C 75°C 85°C
protein loss, 60C extraction

FIG. 7

&/17



WO 2019/060179 PCT/US2018/050447

CPC yield, 25C extraction _
90% :
85% :
o 80% 17} g
= 75% I —- : O solvent/cake=4/1, EtOH=85.6% :
.E % 5 | Esolvent/cake=8/1, EtOH=91.4% :
70% + N : solvent/cake=12/1, EtOH=93.5% .
65% . . .

N (o] (o]

o o) o)

()] ()] ()]

an s T

g =

el

\O

cont 65°C 75°C 85°C
CPC yield, 25C extraction

FIG. 8

9/17



WO 2019/060179 PCT/US2018/050447

90% Osolvent/cake=4/1, EtOH=85.6% E—
CPCyield, 42.5C extraction  moolyvent/cake=8/1. EtOH=91 4%

Osolvent/cake=12/1, EtOH=93.5%

85% 5
80% 5
= B
= ]
= )
® 75% R
] :
2 .
= 70% - — 3
65% ]

o = = £ = = N\

S £ £ £ £ £ Q

e N K N & N T

Q i

= £

o]

O

cont 65°C 75°C 85°C
CPC yield, 42.5C extraction

FIG. 9

10/17



WO 2019/060179 PCT/US2018/050447

90%
CPC yield, 60C extraction
[ solvent/cake=4/1 EtOH=85.6%
85% -
W Solvent/cake=8/1 EtOH=91.4%
R Solvent/cake=12/1 EtOH=93.5%
80% _
=)
E _
S 7% 2
= B
= X
™ 0% ;
65% _I:ﬂ ................................. A
s 8 f B B % B %38
a b g S S S S S S g
T an A B A B A B E
g =
i 3
H H H H O
cont 65°C 75°C 85°C
CPC yield, 60C extraction

FIG. 10

11/17



WO 2019/060179 PCT/US2018/050447

82%
protein purity, 25C extraction
80%
78% @
= .
= . :
S 6% | N NS —:
& 8 . OSolvent/cake=4/1 EtOH=85.6% :
5 e SN |° mSolvent/cake=8/1 BtOH=91 4% s
2 - - ; & Solvent/cake=12/1 EtOH=93.5% :
S 2% 17 ¥ N - - . - —:-
=9 - :.: E 5
0% 1 8 | .S = 'g
: 2 £ & & & & & £
o) =
= £
i i el
b
cont 65°C 75°C 85°C
FIG. 11

12/17



WO 2019/060179 PCT/US2018/050447

82%
Protein purity, 42.5C extraction
30% T L solvent/cake=4/1, EtOH=85.6%
W solvent/cake=8/1, EtOH=91.4%
78% T Esolvent/cake=12/1, EtOH=93.5%
5 6% § B\
= . -
3 _ - »
5 7% | N [N MG \EE \WE \WE
= - - - - - - - -
S
=9
s % TE - - - B NS
S . .
= . N
70% - :
8 3 g = g g g g 3
S g £ £ £ £ £ £ 3
T T K 8 & @ @ 2 T
2 £
S
\O
cont 65°C 75°C 85°C
protein purity (% dwb), 42.5C extraction

FIG. 12

13/17



WO 2019/060179 PCT/US2018/050447

82%
Protein purity, 60C extraction
80%
- dSolvent/cake=4/1 EtOH=85.6%
'E 78% W Splvent/cake=8/1 EtOH=91.4% -
3
oo B Solvent/cake=12/1 EtOH=93.5%
T 6%
=
2
=
2 4% Q
S
A
2% -
70% -
N N = = = = = = N
< < £ £ £ £ £ £ Q
e e & 8 < g & 8 o
o =
& £
S
\O
cont 65°C 75°C 85°C
protein purity (% dwb), 60C extraction

FIG. 13

14/17



WO 2019/060179 PCT/US2018/050447

0.75

Yield index, 25C extraction

0.70

0.65

0.60

SIS SASY
LSS LSS

Osolvent/cake=4/1, EtOH=85.6%
W solvent/cake=8/1, EtOH=91.4%

0.55 H-:

0.50 H-:

Yield index

0.45 H-

A S LSS S S S LSS AL LSS S S S S S S S

0.40 +L=

no H202
OminH20? R

cont 65°C 85°C

FIG. 14

15/17



WO 2019/060179

PCT/US2018/050447

Yield index

0.75

0.70

0.65 —

0.60

0.55

0.50

0.45

0.40

— Dsolvent/cake=4/1, EtOH=85.6%
M solvent/cake=8/1. EtOH=91.4%
B solvent/cake=12/1, EtOH=93.5%

Yield index, 42.5C extraction

- .
O
|
T
o
g

cont

H202

30min

g g g
E E E
S S S
NG & NG
65°C 75°C

yield index, 42.5C extraction

30min

60minH202

85°C

FIG. 15

16/17



WO 2019/060179 PCT/US2018/050447

0.75
Yield index, 60C extraction
0.70
B Solvent/cake=4/1 EtOH=85.6%
0.65 B Solvent/cake=8/1 EtOH=91.4%
0.60 & Solvent/cake=12/1 EtOH=93 5%
5 0.5 T S
i N % -
= o % ] 5
5 . -
= 2 NN N H .
: \ g
" % :
[=
S | 8| £ £ | £ S
T T R 2 & =
o —
= =
N
cont 65°C 75°C 85°C

yield index, 60C extraction

FIG. 16

17/17



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US18/50447

A23J 1/006; C01B 15/01; CO7K 14/425

A. CLASSIFICATION OF SUBJECT MATTER
CI:FF’D% - A23J 1/142; CO1B 15/01; COTK 14/425 (2018.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passagcs Relevant to claim No.
X CN 105541982 (XUZHOU LAIQUE BIOTECHNOLOGY CO LTD) 04 May 2016; abstract; page |1-2, 12-13, 18
-Y-- 3, heading example 1; page 3, fourth paragraph; page 4, first paragraph
X US 5,580,959 A (COOK et al.) 03 December 1996; column 4, lines 23-67; column 5, lines 60-64;| 1, 3-4, 10-14, 18
- column 6, lines 43-47; column 7, lines 52-54; column 8, lines 5-29 and line 63 -

Y 5-9, 16-17

Y WO 2016/154441 A1 (CARGILL, INCORPORATED) 29 September 2016; paragraphs [0005], 5-9, 16-17
[00010), [00013]}-{00015], [00017], [00026], [00041], [00050]-[00051], (00053]

Y KR 101409213 B1 (DAESANG CORP) 19 June 2014; page 3, heading hereinafter the present |8
invention in detail; page 3, heading oxidation mechanism of sulfur by hydrogen peroxide

A CN 101560252 B (GUANGDONG FOOD INDUSTRY INST) 01 November 2012; paragraph 15
[0026)

A US 6,610,831 B1 (MCINNIS, J et al.) 26 August 2003; column 7, lines 51-60 15

A CN 103059116A (GUANGDONG FOOD INDUSTRY INST) 24 April 2013; paragraph [0024], 3-9
example 1

A US 2004/0009263 A1 (LIU, J, et al.) 15 January 2004; paragraphs [0006]-[0007), [0013]-[0014] {1-18

K( Further documents are listed in the continuation of Box C.

E:l See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

“P* document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” dnenment of partioular relevance, ihe clalimed vention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

26 October 2018 (26.10.2018)

Date of mailing of the international search report

11 JAN 2019

Name and mailing address of the ISA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: §71-272-4300
PCY OSP: 571-272.7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US18/50447

| C (Continuation). ~ DOCUMENTS CONSIDERED TO BE RELEVANT

Relevant to claim No.

claims 1-5

Category* Citation of document, with indication, where appropriate, of the relevant passages

A JP 2011 097928 A (SANWA DENBUN KOGYO KK) 19 MAY 2011; paragraphs [0008), [0018] 3-8
US20100221387A1 (CRISTIANINI M et al.) 02 September 2010; paragraphs [0006), [0022] 1-18

A US 4716218 A (CHEN, LI-FU et al.) 29 December 1987; abstract; column 2, lines 50-59; 14, 10-18
column 3, lines 8-19; claims 13-30; examples 2, 3 and 7; figs. 2-3

A US 6433146 B1 (CHERYAN, MUNIR) 13 August 2002; abstract; column 2, lines 3-20; 1-4, 10-18

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report

